Urban drainage systems are a critical part of city infrastructure. Population growth and urban development can put severe pressure on these systems, especially due to sealing of surfaces and land use change. For a comprehensive adaptation of urban water infrastructure to constantly changing and evolving systems, a detailed simulation of the dynamics in city development is crucial. 
INTRODUCTION
Population growth and urban development, especially the sealing of surfaces and land use change, can put severe pressure on urban water infrastructure as some severe flooding events in the recent past have shown. In particular, connecting newly developed areas to the existing drainage structures puts areas at risk which have not been endangered by flooding before (Ashley et al. ) . For a comprehensive adaptation of urban water infrastructure to constantly changing and evolving systems an analysis of a manifold of scenarios to cover the dynamics in city development (population and land use change) is crucial as the nonlinear development of urban development may lead to very different outcomes (Verburg et al. ) .
Conventional planning and management practices undergo a shift toward integrative approaches which are coupled to city development but also take social changes Previous studies have shown that ongoing urbanization puts more and more pressure on existing drainage systems.
The provision of drainage services for newly developed areas increases surface runoff and consequently runoff peaks in conduits. Higher runoffs lead to a higher risk of flooding and decrease the performance of stormwater treat-of stormwater discharge contaminated with pollutants from different surfaces. Especially road and roof runoffs are rich in heavy metals which are not degradable by the environment. A close relation of water quality and city growth has been demonstrated before (Roesner ) . This problem might intensify due to increased rainfall intensities and longer dry periods as a consequence of climate change which potentially also leads to a possible violation of regu- According to the World Urbanization Prospects (United Nations ) most population growth will be absorbed by urban areas on a global perspective which leads to increasing proportions of the population living in cities.
Nevertheless, there is a significant diversity in the urbanization levels, especially in Europe where the majority of the urban population will remain in cities with fewer than 500,000 inhabitants. Furthermore, European cities have already experienced a rapid urbanization wave within the past century. Along with that a fast build-up of urban infrastructure including sewer systems occurred. Nowadays, these systems are already in need of repair or will be in a possible critical condition within the next years or decades (Tscheikner-Gratl et al. ). In addition, ongoing urban sprawl leads to a higher proportion of the population living in areas with a relatively high risk for natural disasters where flooding is considered as the 'most frequent and greatest hazard' (United Nations ). These constant changes, such as increase of population, urban sprawl or ageing of infrastructure, point to the need for a thorough analysis of city development with the scope of their influence on urban drainage. This work presents a framework to automatically generate and simulate scenarios using as few as possible input data to mimic city growth. In contrast to other systems using complex transportation or socioeconomic models, e.g., UrbanSim (Waddell et Consequently, the objective of this work is to present a simplistic urban development model specifically designed to fulfill the needs of decision-makers and planners with a focus on urban infrastructure, exemplary for urban drainage by providing a manifold of automatically generated scenarios based on defined boundary conditions.
MODEL DEVELOPMENT Model
The simulation framework 'DynaMind' ( year of an area it is updated to the actual year. As in most other urban development models distance is used to rank available areas (e.g., UrbanSim in addition to other criteria). The distance is calculated as the Euclidian distance from the centroid of one Superblock to another. Selection of an area for development is based on the rank, consequently the distance. The flexibility of the module allows also for a preference of short or long distances. The distance value is multiplied with a random factor x ¼ {ω ∈ R j a X(ω) 1} to provide arbitrariness within the model where a ∈ R j 0 < a < 1 and can be used for calibrating the model. for 0.8-1.5 and 3 more than a value of 1.5. From the density class a calculation of the approximate maximum height of buildings is possible or it can be provided by the user if there is knowledge about height restrictions. The TIME-FRAME sets the Superblocks earliest development year. This attribute is optional, but if knowledge about building restrictions exist it can be provided as a date.
Output data
The simulation generates two different types of output for each cycle: the first output is a file which defines buildings created by the simulation in the commonly used KML (Keyhole Markup Language) standard (Open Geospatial Consortium Inc. ); second, ESRI shapefiles containing all input data and additional information on the EIA for each cycle.
CASE STUDY
The city of Innsbruck was chosen as an exemplary example as the municipality is well known, data are available and population within the urban area is expected to increase within the next decades. • Scenario B projects less population increase and consequently also less increase in economy. This translates to a population increase of 8% from 2000 to 2030. This consequently means less sealing of residential areas compared to Scenario A. Commercial and industrial are developed at the same rate as the residential category.
• Scenario C takes parameters for residential development 
Calibration and validation
As available areas for development within the municipality are scarce and the official development plan of the city is Innsbruck in the past).
Hydrodynamic application
As a proof of concept of the urban development model and This adaption was performed with QGIS (http://qgis.org) using previously exported SWMM sub-catchments in intersecting the results. The combined sewer system used for 
RESULTS AND DISCUSSION

Urban development
The examples for all scenarios in Figure 4 show that urban development and consequently a change in EIA for Scenario A is happening in many parts of the city between 2000 and 2010, although only small areas get developed.
Since 2000 city regulations enforce the application of infiltration methods on newly established buildings whenever groundwater levels allow it. Even though this regulation is in force, the EIA of most areas increases simply due to the fact that there was no sealing at all before (e.g., undeveloped agricultural areas). reality. Despite that, due to calibration measures the EIA of both simulation and real development provide comparable results. Consequently, for the purposes within water sciences, it is not mandatory to simulate exact location and shape of buildings in contrast to being unavoidable in other disciplines such as architecture or cityscape planners. as no or almost no flooding occurs. In addition, Figure 8 shows clearly the correlation between area and flooding volume. As expected, Scenario A shows the highest total increase in total flooding volume followed by Scenarios B and C.
In contrast, Figure 9 shows that the distribution of changes in number of flooding nodes shifts compared to the base scenario 2000, but is only slightly affected by the differences in Scenarios A, B and C, no matter which rainfall is used. This suggests that the additional volume from newly connected areas (changes in EIA) causes problems at the same nodes, but no detailed spatial analysis has been done within this work. Specific lessons learned from this work are as follows:
• A methodology has been developed for the use of urban development simulation to compare growth scenarios for cities and urban regions.
• Calibration and validation are necessary, but may not reduce or eliminate all future uncertainties.
• For robust results it is necessary to generate sub-scenarios using stochastic values which superpose simulation parameters.
• City growth can lead to a significant increase in overflow volume from the sewer system. In addition, the number of overflow nodes can increase and cause damage in areas not known for flooding problems before. Despite uncertainties the urban development results allow for an analysis of tendencies.
• Without spatial analysis of city growth and generation of multi-scenarios, an ample testing for weaknesses in water networks is not possible. The necessity of usage of a sophisticated, data-driven model can be avoided if a multiscenario analysis is conducted.
The presented model demonstrates that it is well designed to test robustness of urban infrastructure networks, no matter whether city simulations exactly reflect future conditions. Calibration needs special attention as it is directly dependent on available temporal and spatial data.
As there are usually only fractions of calibration data available the benefits of this model become apparent:
because dozens or even hundreds of possible future developments are generated. This circumstance essentially resulted in choosing a simulation framework automatically providing a series of possibilities in terms of a multi-scenario generation.
OUTLOOK
As the results are based on a specific case study characterized by limited data the model requires further applications and also a comparison with well established urban simulation frameworks to be able to be generally applied. More details on scenario analysis can be found in 
